Objective-To evaluate a history of remote head injury as a risk factor for subsequent dementia due to Alzheimer's disease. Methods-271 participants of a community based longitudinal study of aging in north Manhattan without evidence of significant cognitive impairment were interrogated for a history ofhead injury on two occasions at entry into the study. The exminng physician sought a history of head injury with loss of conciousness. Independently, a risk factor interviewer inquired about a history of head injury with loss of consiousness or amnesia, the duration of any loss of consiousness, and the date of the head injury. Patients were followed up with standardised annual evaluations for up to five years to determine the first occurrence of dementia.
Objective-To evaluate a history of remote head injury as a risk factor for subsequent dementia due to Alzheimer's disease. Methods-271 participants of a community based longitudinal study of aging in north Manhattan without evidence of significant cognitive impairment were interrogated for a history ofhead injury on two occasions at entry into the study. The exminng physician sought a history of head injury with loss of conciousness. Independently, a risk factor interviewer inquired about a history of head injury with loss of consiousness or amnesia, the duration of any loss of consiousness, and the date of the head injury. Patients were followed up with standardised annual evaluations for up to five years to determine the first occurrence of dementia. Results-Over the course of the study incident dementia due to probable or possible Alzheimer's disease was diagnosed in 39 patients. Cox proportional hazards modelling showed that a history of head injury with loss of consiousness reported to the physician was associated with earlier onset of dementia due to Alzheimer's disease (relative risk (RR) = 4*1, 95% confidence interval (95% CI) 1-3-12.7). head injury with loss of consiousness or amnesia reported to the risk factor interviewer was not significantly associated with earlier onset of Alzheimer's disease overall (RR 2*0, 95% CI 0.7-6.2), but those who reported loss of consiousness exceeding five minutes were at significantly increased risk (RR 11*2, 95% CI 2*3-59 8) .
Incident Alzheimer's disease was significantly associated with head injury which occurred within the preceding 30 years (RR 5.4, 95% CI 1-5-19.5).
Conclusion-The results of this cohort study are consistent with the findings of several case-control studies suggesting that head injury may be a risk factor for Alzheimer's disease.
(J Neurol Neurosurg Psychiaty 1997;62: 1 19-124) Keywords: Alzheimer's disease; head injury Head injury with loss of consciousness has been implicated as a possible risk factor for Alzheimer's disease by several case-control studies'6 and by a combined re-analysis of eight previous case-control studies. 7 Because recall bias is a potential problem with casecontrol studies, the apparent association between remote head injury and dementia may be spurious. Two cohort studies,89 in which the history of head injury was obtained before the onset of dementia, failed to confirm an association with subsequent Alzheimer's disease. In this study we investigated the risk for subsequent incident Alzheimer's disease associated with a history of head injury obtained from initially non-demented elderly subjects. Subjects were all participants in a longitudinal, community-based study in the Washington Heights section of Manhattan in New York City.
Methods
Data were obtained from a community based registry of conditions related to aging in north Manhattan.'0 To create this registry, nursing homes, home healthcare agencies, private practioners, and hospital admission and discharge lists were canvassed to identify service recipients aged 60 years or more who were invited to take a brief cognitive screening examination'1 modified from the comprehensive assessment and referral interview.'2 Almost all subjects entered the study between December 1989 and November 1991. All subjects who screened positive (score > 2) and a randomly selected 26% of all subjects who screened negative (score < 2) were referred to a clinical evaluation team for comprehensive clinical assessments, which were repeated annually. Each annual assessment consisted of a clinical evaluation by a physician (comprising history and general medical and neurological assessments), and a battery of neuropsychological tests administered by a trained tester. The standardised neuropsychological battery consisted of tests of memory (the Buschke selective reminding test"3 and a multiple choice version of the Benton recognition test'4), orientation, abstract reasoning, '5 16 language,'7 "I and construction,'9 and usually took about an hour to complete. Data from the medical and neuropsychological evaluations, as well as any other laboratory or neuroimaging data that might have been available, were reviewed at a consensus conference which was attended by neurologists directly involved with the clinical evaluation of subjects. At Apolipoprotein E (APOE) genotype was also known for a subsample of subjects. ENTRY 
CRITERIA
We included all registry subjects who had completed the risk factor interview, and who were neither demented at the initial evaluation, nor in the border zone category of cognitive impairment referred to earlier.
STATISTICAL ANALYSES
We used X2 or t tests to evaluate the association between a history of head injury and the cognitive screen score, performance on the Buschke selective reminding test at entry to the study, age, education, sex, frequency of memory complaints, or a history of problem drinking. We performed survival analyses using the Cox proportional hazards model"3 to assess the age at onset of incident dementia in subjects with and without a history of head injury. The end point chosen for these analyses was the first diagnosis of dementia, or the last visit for those who remained nondemented. Similar Cox analyses were performed to assess the importance of severity of head injury for risk of Alzheimer's disease. In these analyses subjects were grouped according to severity of head injury, and the group specific risk estimates for incident Alzheimer's disease were obtained relative to the referent group comprising all subjects without head injury. We assessed the effect of latency of head injury in similar fashion, in which latency was defined as the time between head injury and diagnosis of dementia, or between head injury and final visit for subjects who remained non-demented. Previous studies have found latencies < 10 years,3 4or < 30 years3 to be associated with increased risk for Alzheimer's disease. We therefore classified subjects with previous head injury into groups based on these latencies (< 10 years, ) 10 years, and also < 30 years, ) 30 years) and undertook Cox analyses to obtain risk estimates for these groups compared with the referent group of subjects without head injury. In all Cox analyses we adjusted for sex and education and stratified by age at entry into the study (age < 70, 70-80, 80+).
Results
Two hundred and seventy one subjects satisfied entry criteria. Subjects were followed up from 0-5 years, with a mean duration of follow up of 20 5 months. Twenty seven subjects reported head injury+RF and 19 subjects reported head injury+PHYS. Sixty one (26%) subjects without any history of head injury were lost to follow up after the initial evaluation as were four (21%) head injury+PHYS baseline total recall compared with those with follow up. Data on head injury were missing from the physician interview for three subjects, all of whom denied head injury at the risk factor interview. To obtain the most conservative estimates of the association between head injury+PHYS and Alzheimer's disease we assumed all three lacked a history of head injury, and included them in all analyses. A history of head injury was obtained by both the physician and risk factor interviewer from 14 subjects, by the physician only from five subjects, and by the risk factor interviewer only from 13 subjects (table 1) . We attempted to contact all 18 subjects for whom the risk factor and physician interviews were incongruent. We suceeded in reinterviewing only six subjects, none of whom had been demented when last formally assessed. A history of head injury with loss of consiousness was confirmed in three, was denied in two, and remained uncertain in one instance. Reclassification of the two subjects who denied head injury strengthened the association between head injury and Alzheimer's disease and we therefore included all subjects in our analyses according to their initial classification. Table 2 presents subject characteristics. Subjects with head injury+PHYS were younger at entry to the study, but there were no other significant differences between subjects with and without head injury, whether recorded by the physician or the risk factor interviewer. Incident dementia was found in 48 subjects. Aetiological diagnoses included probable and possible Alzheimer's disease (n = 39), dementia associated with Parkinson's disease (n = 2), and other dementias (n = 7). Alzheimer's disease was diagnosed in three subjects with head injury by both histories, in one subject with head injury by physician's history alone, and in one subject with head injury by risk factor interview alone (table 1) In Cox's proportional hazards model analyses, the RR for incident dementia due to any cause associated with head injury+ PHYS was 3-2 (95% CI 1-2-8-6); with head injury+ risk factor the RR was 2-1 (95% CI 08-5-3).
To investigate the association between head injury and Alzheimer's disease, we excluded the nine subjects with non-Alzheimer's disease dementia, and repeated the analyses. Head injury+ PHYS was associated with significant risk for dementia (RR 4 1, 95% CI 1-3-12-7), but the risk associated with head injury + RF was not significant (RR 2-0, 95% CI 07-6-2). To determine if risk differed within strata defined by cognitive screen score, we conducted separate Cox analyses for subjects with acognitive screen score < 2 (low score), and for those who scored > 2 (high score). Similar point estimates of risk associated with head injury+PHYS were obtained within the low score (OR 6-0) and high score (OR 3-9) groups. Risk estimates for Alzheimer's disease associated with head injury+RF were also similar in the low score (OR 3 6) and high score groups (OR 2.5). Furthermore, Cox models which included the cognitive screen score group (high or low) as a dichotomous independent variable did not alter the risk estimates associated with history of head injury. In another Cox model, covariates included sex; education; the total recall score of the Buscke selective reminding test at baseline as a continuous variable to adjust for initial cognitive performance; memory complaints as a dichotomous variable (yes or no); in addition to history of head injury. In these models the risk estimates associated with head injury+ PHYS (RR 3-6, 95% CI 1.2-11-2) or head injury+RF (RR 1-9, 95% CI 06-5-8) were similar to previous estimates. Finally, we assessed head injury in this last Cox model redefined as a positive history of head injury to both physician and risk factor interviewer. Head injury defined in this way was also associated with increased risk for incident Alzheimer's disease, although it missed the level of significance (RR 3-1, 95% CI 09-108).
SEVERITY OF HEAD INJURY AND LATENCY TO DEMENTIA
Eighteen subjects reported the duration of their loss of consiousness to the risk factor interviewer and this was used as a dichotomised index of severity of head injury: loss of consiousness < five minutes (n = 12), and loss of consiousness > five minutes (n = 6). In Cox analyses, loss of consiousness > five minutes was associated with significantly increased risk for Alzheimer's disease (RR 11-2, 95% CI 2 3-59 8); whereas loss of consiousness < five minutes was not (RR 1-7, 95% CI 0-4-7-5).
The mean latency in four subjects with incident Alzheimer's disease was 14 5 (SD 15-3) years, and in the 14 who reported their age at head injury and remained non-demented, the mean latency was 35-5 (SD 26 2) years. Head injury with latency < 30 years was significantly associated with Alzheimer's disease (RR 5 4, 95% CI 1-5-19-5), whereas more remote head injury was not (RR 1-7, 95% CI 0-2-14-4). In a separate analysis, head injury with latency < 10 years (RR 4 5, 95% CI 1-0-21-0) and with > 10 years (RR 3 0, 95% CI 0-7-14 2) were both associated with point estimates of increased risk.
We repeated our analyses, adjusting for APOE status, known for only 125 subjects, including 11 head injury+PHYS and 14 head injury+RF subjects. In these analyses, the point estimates of risk associated with head injury+PHYS (OR 3-1, 97% CI 0-8-12-5), and head injury+RF (OR 2-3, 95% CI 0-5-10-0) remained raised. Only one head injury+PHYS and two head injury+RF subjects were APOE E4+, none of whom became demented.
Discussion
Our results indicate that head injury may be associated with an earlier age at onset of Alzheimer's disease, and are consistent with the results of several previous case-control studies, -6 which suggest that a history of head injury with loss of consiousness may be a significant risk factor for Alzheimer's disease.
The discordance in the history of head injury obtained by the physician and that obtained by the risk factor interviewer has several possible explanations. Because the risk factor question was more inclusive and led to more reports of head injury, more mild head injury may have been recorded by the risk factor interviewers. In addition, some subjects may have had variable recall of head injury, although the high consistency we previously demonstrated for response to the risk factor for head injury question suggested that it probably occurred very infrequently.' No independent source of the history of head injury was sought, such as hospital or doctors' records, because of the associated practical difficulties and the potential bias introduced by excluding injuries which did not have medical attention.
Errors of recall or misclassification of history of head injury would only have been critical for our study if they arose differentially. Although we obtained the history of head injury from subjects who were all initially cognitively intact to avoid the obvious potential for recall bias inherent in case-control studies of Alzheimer's disease, some potential for recall bias still existed. Subjects with memory complaints typically for recent rather than distant events and perhaps reflecting the earliest manifestations of preclinical Alzheimer's disease-might have been more likely to recall a past head injury in an effort to account for their symptoms. However, we found no association between memory complaints and history of head injury, and the association between head injury and subsequent Alzheimer's disease was not significantly modified by the addition of memory complaints to the Cox model analyses. Thus although there may have been some errors with respect to the history of head injury, we have no evidence to suspect a bias in the frequency of errors that may have been related to the outcome.
Our results contrast with those of two previous cohort studies which failed to identify an association between head injury and subsequent dementia. In the study by Williams et al8 821 subjects without evidence of the target illnesses before their head injury, who were older than 40 years when most recently evaluated, were followed up by medical linkage retrieval over 15 000 person-years for the development of dementia and other degenerative diseases. The standardised morbidity for dementia in this study population, due to dementia and to Alzheimer's disease specifically, was no different from that in a control population. Latency from head injury to onset of dementia was not significant; nor was there any significant effect of severity of head injury for the risk of subsequent dementia. In a prospective cohort study, Katzman et al followed up 434 volunteers who at intake were "ambulatory, functional, presumably nondemented, and between 75 and 85 years of age."9 Fifty six subjects became demented, and head injury did not seem to be a risk factor. A prior history of head injury was reported in 3-1% and 20% of subjects with postintake diagnoses of Alzheimer's disease and multiinfarct dementia/mixed dementia, and in 10% of those who remained without cognitive impairment at the end of the study. Neither severity nor latency effects were evaluated in that study. There are several methodological differences between these studies and ours, which may in part account for the different results. In the study by Williams et al, dementia was diagnosed by the subjects' own physicians; subjects with onset of dementia as young as 40 were eligible for inclusion, and standardisation of estimates of dementia onset may have been difficult. By contrast, our subjects were older than 60 at their initial evaluation, (almost all were older than 65). Because they were evaluated annually we were able to establish the age at onset of dementia using uniform diagnostic criteria, based on detailed neuropsychological testing. In the study by Katzman et al, subjects were on average older than our subjects. In addition they were volunteers, by contrast with most of our subjects who were approached with a request to participate in the study.
There are several possible mechanisms by which head injury might increase the risk for Alzheimer's disease. Head injury might cause cerebral damage and thereby lower the reserve against the cognitive consequences of subsequent, entirely unrelated cerebral pathology, including Alzheimer's disease. 24 There are few human pathological data concerning the cerebral consequences of mild to moderate head injury-necropsy studies are limited to a few reports of individuals who died from causes not directly related to the head injury. 25 26 On the other hand, several large follow up studies of victims with mild head injury indicate that neuropsychological abnormalities may persist for weeks or even months after injury27-29 and recovery from the cognitive effects of head injury seems even more delayed in those with a history of previous head injury. 30 Evoked potential abnormalities are detected in a high proportion of victims of head injury, persisting in some cases for more than six weeks.31 These results are consistent with the possibility that mild to moderate head injury causes structural brain changes in some subjects. At least two predictions follow from the "loss of reserve" theory, as far as population studies of head injury and subsequent Alzheimer's disease are concerned. Head injury should be associated with a younger age at onset of dementia; and more severe head injury should be associated with greater risk for Alzheimer's disease, as it is likely to be associated with more brain damage. The findings in our study were consistent with both these predictions. Gedye et al also reported that head injury was associated with a younger age of onset of Alzheimer's disease.32 A positive association between increasing severity of head injury and increasing risk for Alzheimer's disease has been found in a previous study. 5 A second possible mechanism is that head injury might be particularly damaging when it occurs during the presymptomatic phase of Alzheimer's disease. The duration of the presymptomatic period in Alzheimer's disease is unknown, but pathological studies of subjects with Down's syndrome-in whom Alzheimer's disease-like changes develop with some predictability-suggest that it might well exceed 10 years,"-'5 and a recent clinical study indicated that subtle cognitive changes may precede clinical dementia by at least seven years.'6 The brains of normal animals subjected to mild head injury show characteristic cytoskeletal abnormalities very soon after injury, but there is subsequent repair.37 If the capacity for repair was diminished in presymptomatic Alzheimer's disease, even mild head injury might add to the neuropathological burden leading to earlier diagnosis of the underlying Alzheimer's disease. Conversely, if head injury accelerated the progression of Alzheimer's disease pathology in those with presymptomatic disease, earlier clinical onset would also arise, consistent with the findings of this study. The APOE £4 allele may be associated with less effective CNS repair after injury.4' The results of a recent case-control study in which head injury was a risk factor for Alzheimer's disease only among subjects with APOE £4 would be consistent with the hypothetical mechanisms considered above.6 In the current study, too few subjects with APOE £4 reported head injury for us to seek an interaction between APOE £4 and head injury, but our results did suggest that the presence of APOE £4 may not be necessary for the association between head injury and earlier onset of Alzheimer's disease.
A third possible mechanism for the association between head injury and Alzheimer's disease is that head injury might function as a catalyst, to There were some limitations to our study. Laboratory evaluations were not routinely available for all subjects, and this may have led to diagnostic errors with respect to the aetiology of the dementia in some cases. Relatively few subjects gave a history of head injury, and the 95% CIs for the association between head injury and Alzheimer's disease were wide, particularly when we stratified analyses to assess the importance of severity and latency of head injury. Larger prospective studies with greater statistical power will clearly be important to re-evaluate this question. Our study also has strengths. The cohort design significantly reduced the likelihood of recall bias with respect to history of head injury. A history of head injury was sought twice, and we identified incident cases of dementia by uniform criteria derived mainly from the results of comprehensive neuropsychological evaluations. Estimates of severity of head injury were available, by contrast with many previous case control studies.
In summary, our findings offer further support for an association between head injury and Alzheimer's disease. This association could arise if head injury shortened the long preclinical period of Alzheimer's disease, or if head injury had a direct role in initiating the disease.
